4. Basic Protocol, step 2 annotation: Please explain here how you conclude the core promoter sites are overlapping based on what is shown in figure 2.9.3 as it is not clear from the text. Where does +1162 (the annotated TSS) come from, as it does not appear on the figure?
5. Alternate Protocol Necessary Resources, (a) Software: The FTP address ftp://cshl.edu/pub/science.mzhanglab/promoter/ leads to an error message. Has the site been reorganized since the unit was written? Please adjust appropriately. Also check to see whether any of the Unix commands in step 1 need to be adjusted accordingly.
(b) Files: OK to copy over the "files" information from the Basic Protocol.
6. Alternate Protocol, (a) generally: In the courier text representing Unix input/output, we have indicated items that appear to be comments (i.e., intructions not to be typed) in bold. Please check to make sure that all of this is correct.
(b) step 1: Correct that the password is one's e-mail address? It said "internet address" in the original.
(c) step 3 and annotation: Instead of simply referencing the README file, please insert some additional steps based on the instructions so that the reader can figure out how to install using this protocol alone.
(d) step 4 and subsequent steps: Please describe in more detail how to run the CorePromoter command-line version. We have attempted to do this here (steps 4 and 5) by editing your original text-please check to see whether this is correct. Does the 3/30/05---CPBI 2.9---Zhang---AR queries--- (Zhang, 1998a ) is based on the Quadratic Discriminant Analysis (QDA) method, and is designed to predict the most probable TSSs within a given 2-kb genomic DNA sequence fragment. The predictors in CorePromoter are selected based on the study of known functional motifs (e.g., TATA box, Inr, DPE) and other statistical sequence features within real core promoter regions (Zhang, 1998b) . In its simple mode of operation, the program is run with a single 2-kb input genomic DNA sequence for prediction of top-ranking (default = 20 in the Web version) TSSs, or for outputting the successive TSS profile scores (i.e., at every base pair) in the whole region. More often, it is used in conjunction with other gene-finding programs. Users may run CorePromoter remotely on the Web, or it may be downloaded to be run locally on Unix or Linux computers.
Since the CorePromoter program is trained and optimized using 240 bp, i.e., (−160,+80) with respect to the TSS, it is not designed for scanning large genomic regions. Its input sequence size is limited to 2 kb, maximum.
CorePromoter can be used to analyze sequence data either via the Web interface (Basic Protocol) or using the command-line version running locally on a Unix (or Linux) machine (Alternate Protocol). The latter is the most powerful way of using CorePromoter.
BASIC PROTOCOL

USING THE WEB INTERFACE OF CorePromoter TO LOCATE CORE PROMOTER REGIONS
Necessary Resources
Hardware Any Internet-connected computer
Software
Web browser
Files
The input sequence file in the standard FASTA format (APPENDIX 1B) with a title line starting with > and no more than 80 characters per line of sequence. In this example, the sample data file mycEPD2k.seq is used, which is the upstream region of the human proto-oncogene c-Myc, extracted from the Eukaryotic Promoter Database (EPD; http://www.epd.isb-sib.ch/) . This sequence contains the region (−1000,+1000); when using the EPD extraction tool, one must specify "from position −999 to 1000" because its convention has the position "0" for the immediate upstream base of TSS. The sequence is shown in Figure  2 .9.1, and according to the annotation, there are two promoters/TSSs; one (P1) is at +1 and the other (P2, the major promoter) is at +1162.This sequence may also be found on the 2. Click the Submit button. The result shown in Figure 2 .9.3 will appear. One can also ask for the result to be sent back via e-mail by typing in one's e-mail address before submitting.
A short description of the CorePromoter program may be viewed in a readme
It is clear the top 10 predictions are all overlapping, with the major core promoter (P2)
where the annotated TSS is at +1162. isb-sib.ch/) . This sequence contains the region (−1000,+1000); when using the EPD extraction tool, one must specify "from position −999 to 1000" because its convention has the position "0" for the immediate upstream base of TSS. The sequence is shown in Figure  2 .9.1, and according to the annotation, there are two promoters/TSSs, one (P1) The instruction on how to install CorePromoter is in the README file, which also has a short description about the program and parameters. 
ALTERNATE PROTOCOL
USING THE COMMAND-LINE VERSION OF CorePromoter TO LOCATE CORE PROMOTER REGIONS
Necessary Resources
Running CorePromoter
GUIDELINES FOR UNDERSTANDING RESULTS
The result output contains sequence length and G + C content followed by the TSS predictions: a coordinate on left and a score on the right (Fig. 2.9. 3). The predictions are sorted by the scores unless the whole profile (i.e., scores at all positions and ordered by the positions, when n2 = 1 in the command-line) is displayed. Since CorePromoter uses a moving window of 240 bp to scan the input sequence at every position and predicts the likelihood of a TSS starting at the 121-bp position within the window (see Background Information and Zhang, 1998a), overlapping high-scoring predictions often correspond to the same TSS. One could post-process the result by clustering, and this may easily be seen by plotting the profile. Real TSSs may not always have high scores; for instance, the minor core promoter (P1 at the position +1001) in the human c-myc example shown above only has a score of ∼0.6 compared to the score of ∼1.0 for the major core promoter (P2 at the position +1162). Often, the relative signalto-noise ratio is more indicative than the absolute signal score-i.e., a real TSS may seem to have a low score but be the highest within its surroundings (a relative peak in the profile plot); this is particularly true for TATA-less core promoters.
COMMENTARY Background Information
Theory To create a database for developing CorePromoter, 177 human nonredundant promoter sequences were extracted from EPD48 (Bucher and Trifonov, 1986) . Each sequence was then extended from the original range (−500,+100) to (−600,+600) by BLASTing GenBank (release no. 100). A few corrections were made after checking against both the original and recent publications. A larger promoter database(673 sequences, called LEDB for Lead Exon Database in CorePromoter options) was extracted (or extended when necessary) from a nonredundant first-exon database (including the flanking regions), which was constructed according to GenBank annotations (Zhang, 1998c) . The range for this data was also (−600,+600).
Standard Quadratic Discriminant Analyses (QDA; see, e.g., Zhang, 2000 Zhang, , 2003 , and references therein) were used for corepromoter discrimination. All feature variables were 5-tuple scores averaged within a positionspecific window. If one defines f w (s) to be the signal frequency of a 5-tuple s in the window w and f b (s) to be the background frequency calculated as the average of f L (s) and f R (s), where L and R indicate the left and the right nearestneighbor nonoverlapping windows, then the 5-tuple score is defined by f b (s)]. All the f w values were estimated from the aligned data, and Bayesian priors were used to render all frequencies nonzero (Tanner and Wong, 1987) .
In the QDA studies, each sample was a sequence of size 240 bp, which contained two sets of windows of size 30 bp or 45 bp each. As shown in Figure 2 .9.4, there were thirteen 5-tuple feature variables altogether. Samples were drawn either from the 177 extended EPD48 sequences or from the 673 data at a 6-bp interval. Again, each sequence was considered to have just one true sample at (−160,+80).
For more information on discriminant analysis and Bayes error, and QDA and its relation to LDA, see UNIT 4.2.
Advantages and limitations
Advantages
CorePromoter is simple and fast. It is easily portable and may be incorporated into other programs readily. It can find TSS within a very short genomic DNA sequence, >240-bp, and it can find alternative core promoters.
Limitations
Since it is trained on (−600,+600) promoter sequences, CorePromoter is not designed for genome-wide scans. It only takes a maximum 2-kb input DNA sequence; longer sequence would have to be truncated and fed in separately. The user needs to run CorePromoter in conjunction with other gene-finding tools to determine gene structure, and must run the reverse strand separately.
Since the training data (from 1998) may be somewhat limited in comparison to currently available data, the accuracy may be biased toward genes sequenced earlier.
Other options for similar or more comprehensive analysis
There are two programs that are related to CorePromoter-CpGpromoter (Ioshikhes and Zhang, 2000) and FirstEF (Davuluri et al., 2001 ; UNIT 4.7)-that can be used to complement CorePromoter results. CpGpromoter is complementary to CorePromoter in the sense that it can localize a promoter to an ∼2-kb region by using CpG islands; CorePromoter may be used for further fine mapping of the TSS at a higher resolution. FirstEF is designed for prediction of the entire first exon of a human protein-coding gene; one would get core promoter and the first intron donor site simultaneously. FirstEF, however, only works for intron-containing genes. For a detailed, worked-out example of how to combine CpGpromoter and other gene-finding tools with CorePromoter, one is referred to Zhang (2000) , or http://rulai.cshl.org/reprints/briefing.pdf.
Critical Parameters and Troubleshooting
Most often, troubleshooting should start by checking if the input sequence file format is correct (FASTA format). One should always check the sequence length in the output report and see if it is correct. If it is not correct, the discrepancy is most likely caused by extra blank spaces or more than 80 characters per line in the sequence file. One should always test the program with a gene of known structure. If there is no prediction, try to increase "P0" and/or increase the output scores. Plotting the entire profile can also help to spot the score peaks or warn of error (if all scores are zeroes). Normally, if G + C content is low or there is no TATA box, the prediction scores are also be low.
Suggestions for Further Analysis
One should always try to localize a gene region in a large genomic sequence. The best resource would be the full-length cDNAs. Since cDNA library is limited, one must also run several gene-and/or promoter-finding programs (Zhang, 2002) . Homology searches against ortholog gene databases and transcription factor binding site analyses are also indispensable.
CorePromoter should also be run in conjunction with other programs that can predict different type of exons and/or different part of the gene structure. Often, the results from these programs can reinforce one another. For example, as described above, one could run CorePromoter (Zhang, 1998a) , CpG Promoter (Ioshikhes and Zhang, 2000) , FirstEF (a first exon finder; Davuluri et al., 2001) , MZEF (an internal coding exon finder; Zhang, 1997) , JTEF (A last-exon finder, Tabaska et al. 2001) , and Polyadq (a poly(A) site finder, Tabaska and Zhang, 1999) . All these programs can be accessed from http://www.cshl.org/mzhanglab/. Examples of how one can combine some of these programs for gene-finding may be found in Zhang (2000) . 
